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1. SUMMARY

i) The purpose of this document is to summarize the results of an international round of testing
and research aimed at developing and optimizing an amphibian-based screening assay for thyroid axis
disruption. This effort originated at a meeting of the Amphibian Expert Group, an advisory group to
the Validation Management Group, in June 2003 at a meeting hosted by the US Environmental
Protection Agency in Duluth, MN, USA.

i) Endocrine disruption by environmental chemicalsis an international toxicological concern. As
such, the OECD has been working with member countries on the validation and harmonization of
testing methods for detecting chemicals that interfere with estrogen, androgen, and thyroid pathways.
One such method, an amphibian-based screening assay for thyroid axis disruption, has received
considerable attention due to the potential of this method to be a cost-effective screen for thyroid
active chemicals. The basis for the assay is that amphibian metamorphosis is primarily under the
control of thyroid hormone and that morphological changes typical of metamorphosis would be
modulated by agonists and antagonists of the thyroid system. Before an amphibian-based
metamorphosis assay can be adapted as a screen, several important issues need to be resolved,
including: sdlection of an appropriate developmental period during metamorphosis to test,
development of thyroid-related endpoints, establishment of optimal assay conditions, execution of the
assay using chemicals with different modes of thyroid, and demonstrated repeatability among different
laboratories. This document reports substantial progress on resolving these issues and culminates with
aproposal for additional international research.

iii) Three laboratories participated in this research effort: IGB, Japan, and MED. All three
laboratories had been working on development of a metamorphosis assay using slightly different
methods with the African clawed frog, Xenopus laevis, as the model species. The objective of this
work was to eval uate the methodologies of these different laboratories following exposure to identical
compounds and to use the outcomes of these studies to guide the development of a proposed research
direction that would lead to standardization and validation of an acceptable method.

iv) Prior to this collaborative research, little or no work had been conducted using identical
protocols and chemicals among different laboratories. Therefore, there was insufficient information to
eliminate or select one methodology over the other. Consequently, it was decided that the three
participating labs would each use their specific methods to test the anti-thyroid compound, 6-
propylthiouracil (PTU), and the receptor agonist, T4, at comparable exposure concentrations. These
studies initiated the exposure at two different developmental stages and were conducted for either 2 or
3 weeks. The primary endpoints were final developmenta stage, thyroid histology, and limb length.

V) In summary, these studies resulted in remarkably similar outcomes among the different
laboratories, despite minor methodological differences. PTU inhibited and T4 accelerated
metamorphic development, each in a concentration-dependent manner in experiments conducted in al
three labs. The effective concentrations of these chemicals were essentially identical when similar
endpoints were considered. These results suggest that the assay is relatively insensitive to minor
methodological differences and congtitutes a relatively robust system with potential for use in
screening chemicals for thyroid axis disruption.

vi) Finally, this report proposes the next phase in the validation process. This phase will differ
from the previous work in that the experiments will be conducted using identical methods. This
approach should reduce the already minimal variance in the results and provide a more comparable
data set to evaluate inter-laboratory variations. The chemicals selected for this phase include the
thyroid receptor agonist, T4, a thyroid hormone synthesis inhibitor, sodium perchlorate, and a
deiodinase inhibitor, iopanoic acid. The latter two chemicals were chosen because they represent
different mechanisms of action and will expand our understanding of the responsiveness of this assay.



OECD Draft Report of Phase 1 of the Validation of the Amphibian Metamorphosis Assay — Sept.2004

2. INTRODUCTION

1. This report summarizes the results from experimental work conducted in three laboratories
during Phasel of the validation of the Amphibian Metamorphosis Assay. The Amphibian
Metamorphosis Assay was selected by the OECD Task Force on Endocrine Disrupters Testing and
Assessment (EDTA) as an in vivo assay for identification of substances with the potential to disrupt
functions of the thyroid system. The need for the development and validation of an in vivo assay for
detection of thyroid system-disrupting substances arises from concern that a considerable number of
compounds have the potentia to interact with different aspects of thyroid system function and thyroid
hormone (TH) action (reviewed in Brucker-Davis, 1998; Zoeller, 2003). TH regulates a wide range of
biological processes associated with development, somatic growth, metabolism, energy provision and
reproduction in vertebrates and thus, exogenous substances that can interfere with thyroid system
function could pose a significant hazard to human health and wildlife (Colborn, 2002; Zoeller, 2003).

2. The biological principle of the assay is that the process of postembryonic development
(metamorphosis) in anuran amphibians is dependent on a functional hypothalamus-pituitary-thyroid
gland axis and undisturbed action of TH in peripheral tissues. The South African clawed toad Xenopus
laevis was selected as test organism for the assay because metamorphic development and the
regulatory role played by TH during this process are well characterized in this species. Previous work
by the laboratories participating in Phasel showed that in X laevis tadpoles, metamorphic
development can be precociously induced and/or accelerated by TH agonists whereas anti-thyroidal
agents inhibit metamorphic devel opment.

3. The first OECD ad hoc Expert Meeting on Amphibian Testing (June 26 — 27, 2003, Duluth,
USA) reviewed and discussed existing testing approaches and protocols and agreed on an action plan
for Phase | validation work (OECD, 2003). The two main outcomes of this Expert Meeting were that
() X. laevis represents the primary candidate for a test species to be used in the Amphibian
Metamorphosis Assay, (1) an exposure phase covering pre- and prometamorphic development but not
metamorphic climax offers considerable potential for the development of a sensitive test protocol.

4. Experience from previous studies conducted in various laboratories indicated that a test
protocol which includes exposure of tadpoles from late premetamorphic stages (e.g., stage51)
throughout late prometamorphic stages 58/59 would require a test duration of approximately 21 days.
However, the Expert group also acknowledged the need for a short exposure duration due to the
intended use of the assay for screening purposes. Therefore, an aternative 14-d test protocol was
proposed involving exposure of tadpoles from early prometamorphic stage 54 throughout late
prometamorphic stages 58/59.

5. Accordingly, the primary objective of validation Phase | was a comparative evaluation of the
utility and sensitivity of the two proposed exposure scenarios to detect stimulating and inhibiting
effects of thyroid system-disrupting substances on X. laevis metamorphosis. For this purpose,
exposures were initiated with X. laevis tadpoles a developmental stages 51 and 54, respectively.
Exposure of stage 51 tadpoles was continued for a total of 21 days and exposure of stage 54 tadpoles
was continued for a total of 14 days. Tadpoles were exposed to 4 different concentrations of the test
substance (n= 2 replicates per concentration) and a dilution water control group (n= 2 replicates). All
exposure experiments used an agueous route of exposure. The chemicals included in this testing were
6-propylthiouracil (PTU) and thyroxine (T4). PTU isawell studied chemical known to inhibit thyroid
hormone synthesis and T4 is the native prohormone. Test concentrations for both compounds were
selected based on the experience of the three participating laboratories in conducting related work with
X. laevis.

6. Participants of the first OECD ad hoc Expert meeting further agreed on a set of
morphological, histological and molecular biological endpoints that should be evaluated during
Phase | work with regard to their relevance, sensitivity and diagnostic value for detection of thyroid
system-related effects caused by the test chemicals. In addition, efforts towards the standardization of
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endpoint measurements were regarded as another major objective of the Phase | validation studies.

7. To that end, determination of the developmental stage of test organisms according to the
staging criteria of Nieuwkoop and Faber (1994) and qualitative histological analysis of the thyroid
gland were used as core endpoints in Phase | studies. Optiona endpoints included hind limb length
measurements, quantitative morphometric analysis of thyroid gland histology and gene expression
analysis in different tissues. Monitoring of tadpole growth and survival was considered as a means to
identify possible toxic side effects of test compounds and therefore, determination of body length and
body weight of the test organisms as well as daily recordings of mortality rates were included as
endpointsin Phase | experimental work.

3. OBJECTIVE OF THE INTER-LABORATORY COMPARISON STUDY

8. The overall goal of the Phase| validation study was to comparatively assess the utility and
sengitivity of two different exposure scenarios to detect changes in metamorphic development and
thyroid system function in response to substances considered to act as potent agonists (T4) and
antagonists (PTU) of thyroid system function. The two testing scenarios tested were (1) exposure of
stage 51 tadpoles for atotal of 21 days and (2) exposure of stage 54 tadpoles for atotal of 14 days.

0. Further objectives of Phase | validation work were to:

* evaluate the intra- and inter-laboratory variability of developmental and growth rates of
control animals

» appraise the robustness of the assay when applied in slightly different experimental conditions

e obtain dataon theintra- and inter-laboratory variability and reproducibility among the selected
core endpoints of the assay

» compare the different endpoints with view to their relevance, sensitivity and diagnostic value

e compare the two testing scenarios (stage 51 and stage 54 studies) in terms of sensitivity

e identify genera protocol changes and/or refinements to enhance reproducibility, sensitivity
and diagnostic value of the assay

» provide aproposa for atesting protocol to be used in Phase 11 of the validation process

4. METHODS
4.1. Overview of Test Conditions

10. Prior to initiation of the exposure studies, standard operating procedures (SOP; see Annex 5)
for the conduct of the experimental part of the studies were developed and approved by the Validation
Management Group for Ecotoxicity Testing (VMG-eco) for use in Phase | validation activities. An
overview of the test conditions and techniques applied in the three participating |aboratoriesis given in
Annex 1 of this document. The main difference between the labs was that the US lab and the JPN lab
used flow-through conditions whereas the GER lab used a static-renewal exposure system. Further
differences between the labs included:

* type of dilution water; the JPN lab used activated carbon filtered, UV-irradiated tap water,
the US lab used filtered, UV sterilized Lake Superior water, and the GER lab used a synthetic
test medium.

» thetypeof diet; SeraMicron was used in the GER and JPN lab; the US lab used a customized
mixture of trout starter, algae, TetraFin and brine shrimp.

* number of test animals per replicate; 20 tadpoles were used per replicate tank in the GER
and JPN lab; the US lab used 25 tadpoles per replicate tank in the PTU studies.

» developmental stage deter mination; stages were recorded in the GER and JPN lab at day 0,
7, 14 and 21 of exposure; the US lab determined this endpoints only at test termination.

* body length measurement; the GER and JPN lab determined whole body length (WBL) from
the snout to the tip of the tail; the US lab determined this endpoint as snout-to-vent length

9
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(SVL).

« thyroid gland histology; the GER analyzed transverse sections of the lower jaw from dorsal
to ventral; the JPN lab analyzed sagittal sections of the whole body from left to right and the
US lab analyzed transverse sections of the head from caudal to rostral.

4.2. Exposur e Experiments

11. Each lab conducted a total of four exposure studies according to the scheme depicted in
Tablel.

Table 1. Overview of exposure studies conducted by the three participating labs

ché?nsitc a Concentrations* ¢ estsﬁ?lﬁ]t?:tﬁ on duration
PTU 2.5, 5, 10, 20 mg/L 51 21 days
PTU 2.5, 5, 10, 20 mg/L 54 14 days
T4 0.25, 0.5, 1.0, 2.0 ug/L 51 21 days
T4 0.25, 0.5, 1.0, 2.0 ug/L 54 14 days

* |n addition to the concentrations listed above, the US lab also tested a PTU concentration of 1.25
mg/L and a T4 concentration of 4.0 pg/L

4.3. Statistical Analysis

12. Data sets for body length, hind limb length and body weight measurements were analyzed
for normal distribution (Kolmogorov-Smirnov-test) and homogeneity of variance (Levene-test).
Dunnett’ s test was used to compare data from the control group to all other treatment groups.

13. Developmental stage data were analyzed by using the non-parametric Kruskal-Wallis test
followed by Dunn’s multiple comparison test to compare data from the control group to al other
treatment groups. Differences in growth and developmental indices between treatments were
considered significant at the level of p<0.05.

14. Gene expression data were log-transformed to satisfy the criteria of normality and

homogeneity of variance. Dunnett’s test was used to compare control data to all other treatment
groups. Differences were considered significant at p<0.05.

10
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5. RESULTS

5.1.  Analytical Chemistry

5.1.1. Analytical Chemistry Results (USlab)

15. PTU was measured four times for each replicate in the 21 day study and three times for each
replicate in the 14 day study. Overall, the actual test concentrations were very close to the nomina

concentrations as detailed in the following two tables.

16. Measured PTU concentrations (mg/L) in the NF51 study conducted for 21 days. Sample size
for each replicate was 4.

Table 2. Measured PTU concentrations (mg/L) in the stage 51 study conducted for 21 days. Sample
size for each replicate was 4.

Replicate 1 Replicate 2 Combined

Nominal mean std mean std mean std
Control 0.00 0.00 0.00 0.00 0.00 0.00
1.25 1.54 0.04 151 0.05 1.52 0.05
2.50 2.77 0.04 281 0.03 2.79 0.04
5.00 5.54 0.05 5.56 0.05 5.55 0.05
10.00 10.78 0.11 10.84 0.10 10.81 0.10
20.00 21.21 0.22 21.19 0.17 21.20 0.19

Table 3. Measured PTU concentrations (mg/L) in the stage 54 study conducted for 14 days. Sample
size for each replicate was 3.

Replicate 1 Replicate 2 Combined
Nominal mean std mean std mean std
Control 0.00 0.00 0.00 0.00 0.00 0.00
1.25 1.54 0.02 1.56 0.01 155 0.02
2.50 2.86 0.03 2.86 0.03 2.86 0.03
5.00 5.48 0.04 5.39 0.04 5.43 0.06
10.00 10.63 0.07 10.79 0.07 10.71 0.11
20.00 20.82 0.11 20.93 0.25 20.88 0.18
17. T4 was measured two times for each replicate in the 21 day study and one or two times for

each replicate in the 14 day study. Overall, the actual test concentrations were very close to the
nominal concentrations as detailed in the following two tables.

Table 4. Measured T4 concentrations (LUg/L) in the stage 51 study conducted for 21 days. Sample size
for each replicate was 2.

Replicate 1 Replicate 2 Combined
Nominal mean std mean std mean std
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.25 0.28 0.04 0.27 0.03 0.27 0.03
0.50 0.56 0.10 0.49 0.01 0.52 0.07
1.00 111 0.11 0.96 0.00 1.04 0.11
2.00 241 0.68 1.84 0.04 2.13 0.51
4,00 3.86 0.12 3.50 0.19 3.68 0.25

Table5. Measured T4 concentrations (Ug/L) in the stage 54 study conducted for 14 days. Sample size

11
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for replicate 1 was 2 and for replicate 2 was 1.

Replicate 1 Replicate 2 Combined
Nominal mean std mean std mean std
0.00 0.00 0.00 0.00 na 0.00 0.00
0.25 0.21 0.01 0.21 na 0.21 0.01
0.50 0.45 0.06 0.51 na 0.47 0.05
1.00 0.77 0.14 0.94 na 0.83 0.14
2.00 1.65 0.11 1.83 na 171 0.13
4.00 3.48 0.37 3.57 na 351 0.27
5.1.2.Analytical Chemistry Results (JPN lab)
18. PTU was measured four times in the stage 51 study and three times in the stage 54 study.

Only one set of replicate tanks was measured.

Table 6. Measured PTU concentrations (mg/L) in the stage 51 study and the stage 54 study. Sample

sizes of the stage 51 study and the stage 54 study were 4 and 3, respectively.

stage 51 study stage 54 study
Nominal mean SD mean SD
2.50 2.03 0.78 2.93 0.75
5.00 4.35 2.17 5.15 0.28
10.00 11.20 191 11.17 0.37
20.00 27.62 5.98 24.19 0.42
19. T4 was measured four times in the stage 51 study and three times in the stage 54 study. Only

one set of replicate tanks was measured.

Table 7. Measured T4 concentrations (mg/L) in the stage 51 study and the stage 54 study. Sample

size of the stage 51 study was 2 or 3, and sample size of the stage 54 study was 2.

stage 51 study stage 54 study
Nominal mean SD mean SD
0.25 0.32 0.11 0.35 0.08
0.50 0.48 0.01 0.65 0.05
1.00 122 0.11 1.06 0.23
2.00 2.74 0.42 2.00 0.84
Comparison of Control Data
20. The baseline performance of test organisms in different laboratories is an important

consideration for evaluating the robustness of any standardized protocol intended for broad use.
Analysis of inter-laboratory variability in control treatment groups included a comparison of the
parameters mortality, developmental rate and growth rate.

21. Mortality was absent in the control groups of al 12 exposure studies conducted during
Phase | validation indicating that the general rearing conditions selected for the assay allow for high
survival rates of tadpoles. A first inspection of control data showed that developmenta rates of
untreated tadpoles were generally within the expected range as control tadpoles reached late
prometamorphic stages within the exposure periods of 21 days (stage 51 study) and 14 days (stage 54
study). The inter-laboratory differences in the developmental rate of the control treatments are

12
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highlighted in Table 8 for the stage 51 studies and Table 9 in for the stage 54 studies. In three of the
four studies conducted in the JPN lab, (PTU stage54; T4 stage51; and T4 stage 54), tadpole
development was dlightly retarded in comparison to the US and GER labs which demonstrated very
similar developmental rates despite different conditions used in the studies. While there may be
several factors involved, reduced availability of food in the JPN studies is likely the most important
factor. This conclusion is based on unpublished data from the US lab where the two different diets
were evaluated using the related species, X. tropicalis. In that study, different concentrations of
SeraMicron diet were administered to larvae under static and differing flow through conditions. It was
found that development under static conditions could be greater than flow through when the same
amount of food was provided. This difference was overcome in flow through conditions with higher
SeraMicron feeding rates. The interpretation of these data are that SeraMicron is a fine particul ate that
stays suspended in the water column for a long period of time and is subject to washing out with the
flow, resulting in reduced availability. Therefore, if SeraMicron is chosen as the preferred diet under
flow through conditions, feeding rates higher than those used in the JPN lab in this exercise should be
used.

13
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Table 8. Distribution of developmental stages reached by control tadpoles within 21 days during
exposure studiesinitiated at stage 51 in three different labs.

developmental stage
56 57 58 59 60 61 62 63 | median | range®
us 2 13 18 4 7 5 1 59 7
PTU" | JPN 16 13 8 2 1 58 5
GER | 2 17 4 14 2 1 58 6
us 6 4 15 8 4 3 59 6
T4 | PN | 2 3 16 12 4 3 58 6
GER 3 15 11 4 7 60 5

Note: ?value indicates the number of different stages determined for the control group
® test chemical used in the exposure study for which control data are shown

Table 9. Distribution of developmental stages reached by control tadpoles within 14 days during
exposure studiesinitiated at stage 54 in three different labs.

developmental stage
56 57 58 59 60 61 62 63 | median | range®
us 11 19 18 2 58 4
PTU°| PN | 6 32 2 57 3
GER | 1 14 14 9 2 58 5
us | 1 14 11 13 1 58 5
T4 | PN 25 6 7 2 57 4
GER 6 15 17 2 58 4

Note: ?value indicates the number of different stages determined for the control group
® test chemical used in the exposure study for which control data are shown

14
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22. Growth of tadpoles was assessed by means of whole body length (WBL) measurements
throughout the exposure periods of 21 and 14 days, respectively. Body weight was only determined at
test termination. Temporal changes in mean WBL of the control groups as determined in the JPN and
GER labs are illustrated in Figure 1. At test initiation of stage 51 exposure experiments, mean WBL
ranged between 24.0 and 28.1 mm. In the stage 54 exposure experiments, mean WBL ranged between
37.5and 43.2 mm at test initiation. In al experiments, mean WBL values increased from day O of
exposure to test termination. There were only dlight differences in tadpole growth rates between the
JPN and GER labs. The only exception was the stage 51 exposure study with T4 conducted in the JPN
lab where lower growth rates were determined for the control group.

23. In the stage 51 exposure experiments, increases in WBL were relatively constant during the
initial 14 days of exposure. However, particularly in the GER experiments, it was also observed that
growth of tadpoles was reduced between exposure days 14 and 21. This was most likely due to the fact
that tadpole growth ceased at stages 58/59 followed by a reduction in WBL due to reshaping of the
head region and initiation of tail resorption.

stage 51 studies stage 54 studies
70 70
60 60 -
E 50 | T 50 |
£ 50 £ 50
= 4
] m
= 40 = 40
—e— PTU stage 51 (GER lab) —e— PTU stage 54 (GER lab)
30 —O0— T4 stage 51 (GER lab) 30 - —O0— T4 stage 54 (GER lab)
—v— PTU stage 51 (JPN lab) —v— PTU stage 54 (JPN lab)
—v— T4 stage 51 (JPN lab) —v— T4 stage 54 (JPN lab)
20 ‘ : ‘ : 20 ‘ ‘ ; ‘
0 7 14 21 -7 0 7 14
Exposure duration (days) Exposure duration (days)

Figure 1. Tempora changes in whole body length (WBL) as determined for control tadpoles during
the conduct of stage 51 (21 days) and stage 54 (14 days) exposure studies. Data from 8 independent
experiments performed in the JPN and GER lab are shown. Mean values are shown while standard
deviation bars are omitted to reduce clutter.
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24. Table 10 and Table 11 summarize the results from measurements of WBL, snout-to-vent
length (SVL) and body weight at test termination for al studies conducted during Phase | validation
work. Although results from WBL and body weight measurements during the stage 51 exposure
studies conducted in the JPN lab indicated an increased intra-laboratory variability in tadpole growth,
the overal comparison of tadpole growth rates showed a high similarity between laboratories during
Phase | validation work.

Table 10. Results from body length (mm) measurements of control tadpoles at test termination of
12 different tests. Means and standard deviations were calculated for pooled control data of each
exposure study. Note that the US lab measured body length as snout-to-vent length (SVL) whereas the
JPN and GER labs measured whole body length (WBL) from the tip of the snout to thetip of thetail.

USlab GER lab JPN lab mean cve
(SVL) (WBL) (WBL) (WBL) (WBL)
21’ | PTU® | 195+19 50.8+ 2.6 64.2+3.9
21d | T4 195+ 1.7 58.9 + 4.2 56.1 + 3.4 59.7 +2.9 4.8 %
14d | PTU | 199+12 59.7 +2.9 60.4+2.9
14d | T4 19.2+0.9 59.6 + 2.4 59.6 + 3.2 59.8+ 0.3 0.6 %

Note: ?coefficient of variation; ° test duration, ¢ test chemical used in the exposure study for which
control data are shown.

Table 11. Results from body weight (mg) measurements of control tadpoles at test termination of
12 different tests. Means and standard deviations were calculated for pooled control data of each
exposure study.

USlab GER lab JPN lab mean cve
21d° | PTUC 1047 + 230 919 + 162 1065 + 153
21d T4 1042 + 202 824 + 169 761 + 127 943 + 118 12.5%
14d PTU 1069 + 161 957 + 139 896 + 113
14d T4 943 + 157 861 + 117 882 + 131 934 + 69 7.4%

Note: 2 coefficient of variation; ° test duration, © test chemical used in the exposure study for which
control data are shown
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5.2. Exposur e Studieswith Propylthiouracil (PTU)

25. PTU was used as a model test compound with reported anti-thyroida activities in mammals
(Capen, 1996) as well as in anuran tadpoles (Goos et al., 1968). Effects of PTU on the thyroid system
of Xenopus tadpoles were comparatively assessed in a 21 day exposure study initiated with stage 51
tadpoles (stage 51 study) and in a 14 day exposure study initiated with stage 54 tadpoles (stage 54
study). Both exposure studies were performed in parallel with tadpoles from the same spawn. In both
exposure scenarios, PTU treatment comprised nominal concentrations of 2.5, 5, 10 and 20 mg/L (the
US lab aso tested 1.25 mg/L PTU). Mortality was negligible in all exposure studies with PTU (data
not shown).

5.2.1.Stage 51 Exposure Studieswith PTU (21 Day Assay)
Developmental stage

26. Results from developmental stage determination in the different labs during the stage 51
exposure studies with PTU are summarized in Table 12. No significant effects on developmental stage
were observed following 7 days of exposure to PTU in either the JPN or GER study. The US lab did
not assess apical endpoints prior to test termination at day 21. Significant developmental retardation
was observed at 5.0 and 20 mg/L PTU following 14 days of exposure in the JPN lab but not in the
GER lab. All three labs showed significant differences following 21 days of exposure to 20 mg/L. In
addition, the GER study showed a significant retardation following 21 days of exposure to 10 mg/L.
The significant difference at 5 mg/L after 14 days of exposure in JPN study seems to be an anomalous
result and driven by one of the two replicates which does not fit the pattern of the other tests.
Furthermore, the apparent significance at 5 mg/L for 14 days by the JPN lab does not persist at 21
days, suggesting that this observation is not real .
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Hind Limb Length

27. In addition to stage determinations, measurements of hind limb length were used in the GER
(Table 13) and JPN study (Table 15) to assess effects of PTU on hind limb morphogenesis. In both
studies, exposure to the highest PTU concentration (20 mg/L) resulted in a significant retardation of
hind limb growth at al timepoints studied (7, 14, 21 days). In the GER study, 10 mg/L PTU also
caused a significant reduction in hind limb growth following 14 and 21 days of exposure. In the JPN
study, 5.0 mg/L but not 10 mg/L PTU caused a significant reduction in hind limb length following 14
and 21 days of exposure.

Body Length

28. Effects of PTU on tadpole growth were examined in the GER and JPN study by WBL
measurements (Table 13 ; Table 15). In the GER study, weak growth-retarding effects were observed
following 7 and 14 days of exposure to 10 and 20 mg/L PTU. Effects of PTU on tadpole growth were
more variable in the JPN study. Similar to the GER study, 20 mg/L PTU caused a significant reduction
in WBL following 7 and 14 days of exposure. 10 mg/L PTU caused a significant increase in WBL
after7 days whereas 5 mg/L PTU caused a significant reduction in WBL after 14 days. At test
termination (day 21), no significant effects of PTU treatment on WBL were detectable. The US lab
measured SVL at test termination only and determined a significantly increased SVL at 20 mg/L PTU.

Body Weight

29. Effects of PTU on tadpole growth were further examined in all labs by body weight
measurements at test termination. No significant effects of PTU treatment on tadpole body weight
were detectable in the GER study (Table 13). In the JPN study, PTU treatment at 5, 10 and 20 mg/L
significantly decreased body weight (Table 15). In contrast, mean body weight of tadpoles exposed to
20 mg/L PTU was significantly increased in the US study (Table 17).
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Table 13. Summary of results from whole body length, hind limb length and body weight
measurements during the stage 51 study with PTU in the GER lab.

Test substance: PTU Lab: GER
control 2.5mg/L 5.0 mg/L 10 mg/L 20 mg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+ SD | mean = SD (mg/L)
whole body length (mm)
0 A 282+1.0 282+0.9 27.8+1.0 275+0.8 280+1.0
B 28.0+1.0 280+1.1 281+1.2 27.7+0.8 27.9+0.9
Pool 28110 28.1+10 28.0+10 27.6+0.8 27910
7 A 46.1+25 438+ 2.0 44021 425+22 441+26
B 452+ 2.6 447+3.0 | 45.3+20 | 439+20 437+ 2.6
Pool 456+25 | 442+26* | 44621 |432+£22* | 439+26*% 107
14 A 56.9+ 3.6 541+3.0 542126 53530 544+34
B 557+ 3.1 553+4.1 559+ 25 544+ 35 54.7+3.1
Pool 56.3+ 3.3 54.7+ 3.6 551+2.6 | 539+32* | 545+3.1* 10
21 A 59.6+2.7 58.1+ 3.0 584+ 26 58.0+23 585+ 3.9
B 60.0+ 2.6 58.8+ 3.2 593+ 21 58.6 + 3.3 58.9+ 3.2
Pool | 59.8+26 585+30 | 588+24 | 583+28 58.7+ 3.5 ns
hind limb length (mm)
7 A 23%£03 21+0.2 22+03 21+0.2 21+02
B 23+0.3 20+03 22+03 21+03 20+0.3
Pool 23+03 21+02* 22+03 21+02 20+02* 20"
14 A 53+10 44+08 45+ 0.6 43+09 40+08
B 5.0+£09 51+09 50+ 0.8 44+ 05 45+08
Pool 51+09 4.7+ 0.9 48+ 0.7 43+0.7*% 42+0.8* 10
21 A 121+ 35 8.8+25 9.3+20 89+25 8.0+27
B 10.3+31 106+33 | 103+2.1 88+22 8.8+26
Pool 11.2+ 3.3 9.7+ 3.0 9.8+ 20 89+23* 84+26* 10
body weight (mg)
21 | A |e785+1300| 839r | 848x 1 8275% | gag 1910
B |os02+1709| B729% | 8WOx 1 BOLOE | o) 01670
Pool | 0188+ 161.9| SoA9% | B99x [ BATE g\ 611750 ns

ns no significant effects; asterisks denote significant differences from the control group (p< 0.05;
Dunnett’s Test)
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# no concentration response relationship
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Table 15. Summary of results from whole body length, hind limb length and body weight
measurements during the stage 51 study with PTU in the JPN lab.

Test substance: PTU Lab: JPN
control 2.5mg/L 5.0 mg/L 10 mg/L 20 mg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+ SD | mean + SD (mg/L)
whole body length (mm)
0 A 26.7+1.6 26.3+17 262+ 17 26.4+20 26.7+13
B 264+19 26.1+18 264+21 26.8+24 26.5+17
Pool 265+1.7 26.2+1.7 26.3+1.9 26.6+21 26.6+15
7 A 429+ 30 447+ 3.7 427+3.0 448+ 3.9 36.8+55
B 422+ 34 44+ 31 39.7+43 | 46939 43.1+24
Pool 426+ 3.1 446+33 | 41.2+39 | 459+39* | 399+52* 107
14 A 56.9+5.3 58.1+4.4 559+ 3.7 56.9+45 495+ 10.8
B 577+ 3.6 57827 50.5+5.1 57552 573+ 3.6
Pool 57.3+44 579+35 | 533+51* | 57.2+47 535+8.7* 207
21 A 63.2+4.6 645+34 63.8+3.1 63.8+4.1 61.1+87
B 65.3+ 2.7 64.1+27 60.7+5.2 63.0+ 4.6 65.7 £ 3.7
Pool | 64.2+39 64.3+3.0 | 623+44 | 634+43 63.6 £ 6.7 ns
hind limb length (mm)
7 A 22+04 23104 22+04 22+04 18+05
B 22+04 24+05 2004 24+05 20+£03
Pool 22+04 23104 21+04 23104 19+04* 20
14 A 56+11 58+14 54+10 54+11 3.0x10
B 57+1.1 6.0+13 43+1.1 57+14 32+11
Pool 57+11 59+13 48+ 12* 56+12 31+11~* 20"
21 A 124+ 32 13.7+40 121+31 121+32 46+22
B 13.3+29 13.6+ 3.6 94+27 129+ 43 56+ 32
Pool 12.8+ 3.0 13.7+37 |108+31* | 125+37 51+27* 20"
body weight (mg)
21 A | 1028 + 150.2 1,,0,:53 1i 948 + 125.2 | 969+ 170.7 | 819+ 261.0
B |1101+1541 | 996+119.1 | 775+171.9 | 965+ 150.8 | 995+ 167.9
Pool | 1065+ 1527 | [023% | 864£1696 | 96721570 | g1y, ooy 94 5.0

ns no significant effects; asterisks denote significant differences from the control group (p< 0.05;

Dunnett’s Test)

# no concentration response relationship
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Table 17. Summary of results from snout-to-vent length and body weight measurements during the

stage 51 study with PTU inthe US|ab.
Test substance: PTU Lab: US
control 2.5mg/L 5.0 mg/L 10 mg/L 20 mg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+ SD | mean + SD (mg/L)
snout-to-vent length (mm)
21 A 19.7+16 192+13 | 196+20 | 198+16 21.6+14
B 195+ 22 196+20 | 205+17 | 201+16 220+ 13
Pool | 195+19 194+15 | 200+19 | 197+16 | 21.8+13* 20
body weight (mg)
1084.4 + 967.2+ 10433 1084.3 + 11521 +
21 A 101 B 11E Q 297N Q 1714 1 2NQ 1
1009.5 + 1040.1 + 1119.8 + 1066.6 + 12726 +
B 202 Q 170.Q 212 85 102 Q 10N B
1047.0+ 1003.7 £ 10815 + 10755+ 1211.1 +
POOI 22N 9 101 R 27ME Q 102 2 2NN Q * 20

25

asterisks denote significant differences from the control group (p< 0.05; Dunnett’s Test)
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Histopathology

30. The detailed reports of the histopathological analyses conducted by the US lab, GER lab and
JPN lab are presented in Annex 2, Annex 3, and Annex 4, respectively. In summary, these analyses
revealed exposure-related changes in the thyroid gland, which included distension of thyroid follicles,
diffuse enlargement of the thyroid glands, colloid depletion and follicular cell hyperplasia. A low
incidence of changes in the thyroid gland (minimal distension of thyroid follicles) was observed for
tadpoles exposed to the lower PTU concentrations of 1.25 mg/L (only in the US study) and 2.5 mg/L.
However, at higher PTU concentrations, follicular distension accompanied by diffuse enlargement of
the thyroid glands increased in prevalence and severity in a concentration-dependent manner. An
increase in the thickness of the epithelial cell layer (follicular cell hypertrophy) was observed at the
two highest PTU concentrations of 10 and 20 mg/L. Hyperplasia of follicular cells was prominent in
the 20 mg/L PTU treatment group but was also evident in some thyroid glands from the 10 mg/L PTU
trestment. The degree of colloid depletion was also enhanced at the two highest PTU concentration
and collapsed follicles devoid of colloid were detected in some glands from the 20 mg/L PTU
treatment. Quantitative methods (morphometric analysis) were successfully applied to confirm the
increase in epithelial cell height and the enlargement of the thyroid gland.

Gene Expression in Brain/Pituitary

31 Samples of whole brain tissue including the pituitary (brain/pituitary) taken at test
termination of the GER study were analysed for changes in gene expression by means of semi-
guantitative RT-PCR. Results from these RT-PCR analyses revealed increased expression of the
B-subunit of thyrotropin (TSHp) at 20 mg/L PTU (Figure 2). In addition, mMRNA expression levels of
several genes that are positively regulated by thyroid hormones were also analysed in brain/pituitary
tissue. Thyroid hormone receptor § (TRB) MRNA expression was slighly reduced at 10 and 20 mg/L
PTU though these differences were not dtatistically significant. Reduced mRNA expression levels
were also observed at 10 and 20 mg/L PTU for other genes including basic transcription element
binding protein (BTEB), b/ZIP, prolactin, and type |11 monodeiodinase. However, due to the relatively
small sample number that has been analysed so far (n=3-5 per treatment group), effects did not always
reach statistical significance.
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Figure 2. Effects of PTU on gene expression in tadpole brain. RNA was isolated from
brain/pituitary tissue samples taken at test termination of the stage 51 exposure study with PTU in the
GER lab. Semiquantitative RT-PCR analyses of mRNA expression of thyrotropin B -subunit (TSH ),
thyroid hormone receptor f (TR ) and basic transcription element binding protein (BTEB) were
performed and results from densitometric analysis of scanned agarose gels are shown. Results were
expressed relative to the control group (ctrl). Columns and bars represent mean values + SEM of
triplicate analyses. Statistically significant differences from the control are marked by asterisks (*

p<0.05; Dunnett’ s test).
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5.2.2.Stage 54 Exposure Studieswith PTU (14 Day Assay)
Developmental Stage

32. Results from developmental stage determination in the different labs during the stage 54
exposure studies with PTU are summarized in Table 19. No significant effects on stage devel opment
were observed following 7 days of exposure to PTU in either the JPN or GER study. The US lab did
not analyze apical endpoints prior to test termination at day 14. However, after 14 days of exposure,
all three labs demonstrated significant retardation of development at 20 mg/L PTU. The US study also
was significant at 10 mg/L.

Hind Limb Length

33. In addition to stage determinations, measurements of hind limb length were used in the JPN
and the GER study to assess effects of PTU on development (Table 20; Table 22). No significant
differences in hind limb length were observed following 7 days of exposure to PTU. At day 14, hind
limb length was reduced in the 20 mg/L PTU treatment group but the effect was significant only in the
JPN study.

Body Length

34. Effects of PTU on tadpole growth were examined in the JPN and the GER study by WBL
measurements (Table 20; Table 22). Significant reductions in mean WBL were observed in the GER
study for 5 and 20 mg/L PTU at day 7. At test termination, no significant effects of PTU treatment on
WBL were detectable. The US lab measured SVL at test termination only and determined a
significantly increased SVL at 20 mg/L PTU.

Body Weight

35. Effects of PTU on tadpole growth were further examined in all labs by body weight
measurements at test termination (Table 20; Table 22; Table 24). No significant effects of PTU
treatment on tadpole body weight were detectable at day 14.
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Table 20. Summary of results from whole body length, hind limb length and body weight
measurements during the stage 54 study with PTU in the GER lab.

Test substance: PTU Lab: GER
control 2.5mg/L 5.0 mg/L 10 mg/L 20 mg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+ SD | mean + SD (mg/L)
whole body length (mm)
0 A 434+13 426+1.6 427+1.9 426+ 1.6 431+14
B 431+1.6 427+1.6 425+13 | 428+16 427+ 1.3
Pool 432114 426+16 | 426+£16 | 42715 429+ 14
7 A 57.0+28 56.0+34 55.6+ 2.3 55.5+25 558+ 25
B 572+ 33 56.3+24 55.5+21 559+ 2.0 548+ 2.6
Pool 57.1+3.0 56.1+29 |555+22* | 557+22 553+25* 207
14 A 59.7+31 585+ 3.6 588+ 1.7 584+ 27 58623
B 50.8+ 2.7 50.3+21 58.0+ 2.6 585+ 2.0 58.0+ 2.7
Pool 59.7+ 28 589+29 | 584+22 | 585+23 58.3+ 25 ns
hind limb length (mm)
7 A 57+09 55+09 50+£10 55+ 09 52+09
B 56+09 53+0.7 55+ 0.8 53+0.8 51+0.7
Pool 56+09 54+08 5309 54+08 52+0.8 ns
14 A 11.0+29 10.0+ 26 93+24 101+23 95+23
B 10.8+ 2.8 9.6+ 25 102+ 27 9.6+ 19 9.1+20
Pool 109+ 28 9.8+ 25 9.8+ 25 99+21 93+21 ns
body weight (mg)
14 | A |omirr1063| 929F | 9B7x 1 908SE a5 1355
B |969.5+156.1 91292;65 9111563 926.4+ 955 | 879.0+ 138.5
Pool | 9568+ 1300| O242% | 9231x [ Q164 | o060, 1336 ns

ns no significant effects; asterisks denote significant differences from the control group (p< 0.05;

Dunnett’ s Test)

# no concentration response relationship
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Table 22. Summary of results from whole body length, hind limb length and body weight
measurements during the stage 54 study with PTU in the JPN lab.

Test substance: PTU Lab: JPN
control 2.5mg/L 5.0 mg/L 10 mg/L 20 mg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+ SD | mean + SD (mg/L)
whole body length (mm)
0 A 394+23 38720 38120 39523 386+19
B 38.7+£1.9 385+4.1 389+24 | 393+24 38.2+23
Pool 39.0+21 386+£32 | 385+22 | 394+£23 384+21
7 A 516+ 25 489+19 4907+ 2.6 519+21 519+28
B 519+ 25 51.8+ 3.3 51.6+27 519+ 3.2 52.6 £ 2.7
Pool 51.8+24 504+ 3.0 50.7+ 2.7 51926 522+27 ns
14 A 59.7+ 3.0 59.3+ 2.0 59.2+26 60.3+1.9 60.3+ 3.8
B 61.2+2.6 61.2+31 59.0+ 25 60.1+ 2.6 615+ 3.3
Pool 60.4+29 60.2+ 2.7 59.1+25 60.2+ 2.2 60.9+ 35 ns
hind limb length (mm)
7 A 42+ 0.7 3.7+0.7 40+£05 44+ 0.6 41+0.8
B 43+ 0.6 43+09 3.9+ 0.6 40+ 0.7 3.8+ 0.6
Pool 4.2+ 0.6 40+0.8 3905 42+ 0.7 3907 ns
14 A 91+18 78+14 88+16 94+18 78+19
B 88+14 9.9+22 8417 84x21 72+16
Pool 89+16 8.8+21 8.6+16 89+19 75+ 17* 20
body weight (mg)
14 | A |8680+114.9 8426+ 732 Sf'fff 869.6 + 88.3 | 845.6 + 130.4
B |opa0+110a| N93% | 82r6x 1 BBTE |0 1330
Pool | 896.0+113.4| S0L0% | 838BO* fo0, 64006 8614+ 1203 ns

ns no significant effects; asterisks denote significant differences from the control group (p< 0.05;

Dunnett’ s Test)

33




ve

(191 s.uunq ‘50°0 >d) dnoib 01302 BY) WA ) SBAUBBHIP LR 1IUBIS 310 IPUI S|P Papeys S1094e Juedijiubs ou su

0z 65-95 /S 65-95 /S 8G-95 /S 65-95 /S 8G-95 /S jood
................... /G-9G 9G 65-9G /S 8G-9G /S | 6598 /S /G696 /S | 94
65-9G /S 65-/S /S /G-9G /S /G-9G /S 8G-9G /S v | ¢T
su 9G-+G GS 9G-+5 GS 9G-¥5 o) 9G-S GG 9G-G5 GS |ood
................... 9G-¥5 S 9G-¥5 S 9G-G5 GG | 9666 G5 9665 o | 9
9G-G§ GG 9G-G§ GG 9G-S G5 9G-+5 GG 9G-G§ GG v A
7/6w abuel uelpsw | abuel uelpsw | abuel uelpsw | abuel Uelpsw | abuel ueipsw | Muer | Aep
03017 7/6w 02 7/6w 0T /0w og Jlwge |043U0D
NdC :ge1 Nld ©ouelsqgns 159 |

‘0| N 3U3 Ul N 1d UHm Apnis 15 abes ay) BuLinp uo feuiueiep afess fejualudo pAsp Wwoly s}insal Jo Arewns "€ a|de L

#002'1deS  Aessy sisoydiowes |\ Ueiqiyduuy 8yl Jo Uoiepife A8y} JO T 8seyd Jo Lodsy 1eid ad30




OECD Draft Report of Phase 1 of the Validation of the Amphibian Metamorphosis Assay ~ Sept.2004

Table 24. Summary of results from snout-to-vent length and body weight measurements during the

stage 54 study with PTU in the US|ab.
Test substance: PTU Lab: US
control 2.5mg/L 5.0 mg/L 10 mg/L 20 mg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+ SD | mean + SD (mg/L)
snout vent length (mm)
14 | A 199+14 202+12 | 200+£11 | 191+12 209+12
B 20.0+ 1.0 194+13 | 200+09 | 205+12 21.2+1.0
Pool | 199+12 198+13 | 200+10 | 198+14 | 21.1+11* 20
body weight (mg)
10525+ 1089.8 + 1062.2 + 9335+ 11156 +
14 A 101 R 128 N 1EQ R 172 1 10- 1
1085.1 + 996.4 + 1055.0+ 1101.6 + 1162.7 +
B 122 7 1BA 6 112.Q 164.1 1468 N
1068.8 + 1043.1 + 1058.6 + 1017.6 £ 1139.2 +
POOI 1”N R 1EN 1 1214 QO 10 7 171 N ns

Dunnett’ s Test)
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ns no significant effects; asterisks denote significant differences from the control group (p< 0.05;
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Histopathology

36. The detailed reports of the histopathological analyses conducted by the US lab, GER lab and
JPN lab are presented in Annex 2, Annex 3, and Annex 4, respectively. In summary, these analyses
revealed exposure-related changes in the thyroid gland, which included distension of thyroid follicles,
diffuse enlargement of the thyroid glands, colloid depletion and follicular cell hyperplasia. A low
incidence of changes in the thyroid gland (minimal distension of thyroid follicles) was observed for
tadpoles exposed to PTU concentrations of 1.25 mg/L (only in the US study) 2.5 and 5.0 mg/L. At
10 and 20 mg/L PTU, follicular distension accompanied by diffuse enlargement of the thyroid glands
increased in prevalence and severity in a concentration-dependent manner. An increase in the
thickness of the epithelial cell layer (follicular cell hypertrophy) was observed at the two highest PTU
concentrations of 10 and 20 mg/L whereas hyperplasia of follicular cells was only observed in the
20mg/L PTU treatment group. Colloid depletion was also observed a the two highest PTU
concentration and collapsed follicles devoid of colloid were detected in some glands from the 20 mg/L
PTU treatment. Quantitative methods (morphometric analysis) were successfully applied to confirm
theincrease in epithelia cell height and the enlargement of the thyroid gland.

Gene Expression in Brain/Pituitary

37. Samples of whole brain tissue including the pituitary (brain/pituitary) taken at test
termination of the GER study were analysed for changes in gene expression by means of semi-
guantitative RT-PCR (Figure 3). Results from RT-PCR revealed increased mRNA expression of TSH
B a 20 mg/L PTU. In addition, reduced mRNA expression levels were also observed at 10 and
20mg/L PTU for other genes including BTEB, b/ZIP, prolactin, and type IIl monodeiodinase.
However, due to the relatively small sample number that has been analysed so far (n=3-5 per treatment
group), effects did not always reach statistical significance.
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Figure 3. Effects of PTU on gene expression in tadpole brain. RNA was isolated from
brain/pituitary tissue samples taken at test termination of the stage 54 exposure study with PTU in the
GER lab. Semiquantitative RT-PCR analyses of mRNA expression of thyrotropin B -subunit (TSH ),
thyroid hormone receptor f (TR B) and basic transcription element binding protein (BTEB) were
performed and results from densitometric analysis of scanned agarose gels are shown. Results were
expressed relative to the control group (ctrl). Columns and bars represent mean values + SEM of
triplicate analyses. Statistically significant differences from the control are marked by asterisks (*

p<0.05; Dunnett’ s test).
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5.3. Exposur e Studieswith Thyroxine (T4)

38. T4 was used as a model test compound because this thyroid hormone has been shown to
stimulate metamorphosis in anuran tadpoles at low concentrations without causing toxic side effects
(Opitz et al., in press). Effects of T4 on Xenopus metamorphosis were comparatively assessed in a
21 day exposure study initiated with stage 51 tadpoles (stage 51 study) and in a 14 day exposure study
initiated with stage 54 tadpoles (stage 54 study). Both exposure studies were performed in parallel
with tadpoles from the same spawn. In both exposure scenarios, T4 treatment comprised nominal
concentrations of 0.25, 0.5, 1.0 and 2.0 pg/L (the US lab also tested 4.0 ug/L T4). Mortality was
negligiblein all exposure studies with T4 (data not shown).

5.3.1.Stage 51 Exposure Studieswith T4 (21 Day Assay)
Developmental Stage

39. Results from developmental stage determination in the different labs during the stage 51
exposure study with T4 are summarized in Table 26. Significant acceleration of stage devel opment
was observed in the JPN study at 1.0 and 2.0 ug/L T4 after 7, 14, and 21 days of exposure. The GER
study showed significant acceleration at 2.0 ug/L T4 after 7 and 14 days, as well as at 1.0 ug/L after
21 days of exposure. The US study was significant at 2.0 pug/L after 21 days of exposure (the US lab
did not anayze the stages prior to test termination at day 21). The US lab showed further
developmental acceleration in the 4.0 ug/L T4 treatment after 21 days of exposure.
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Hind Limb Length

40. In addition to stage determinations, measurements of hind limb length were used to assess
stimulatory effects of T4 on hind limb morphogenesis in the GER and JPN study (Table 27; Table 29).
In the GER study, significant acceleration of hind limb morphogenesis was observed for T4
concentrations of 0.5, 1.0 and 2.0 ug/L at exposure day 7. At later time points of the GER study (day
14 and 21), hind limb length at T4 concentrations of 1.0 and 2.0 pg/L was significantly greater than in
untreated controls. Significant acceleration of hind limb morphogenesis was also observed in the JPN
study for 1.0 and 2.0 pg/L T4 at days 7, 14 and 21.

Body Length

41. Effects of T4 on tadpole growth were examined in the GER and JPN study by WBL
measurements (Table 27; Table 29). None of the tested T4 concentrations affected tadpole growth
during the initial 7 days of exposure. Treatment with 2.0 ug/L T4 caused a significant reduction in
mean WBL at day 14 (JPN study) and at day 21 (GER and JPN study). The US lab measured SVL at
test termination only and observed significantly reduced SVL at 1.0, 2.0 and 4.0 pg/L T4 (Table 31).

Body Weight

42. Effects of T4 on tadpole growth were further examined in al labs by body weight
measurements at test termination (Table 27; Table 29; Table 31). Significant reductions in body
weight were observed at 1.0 and 2.0 ug/L T4 in the GER and US studies. In the US study, a strong and
significant reduction in body weight was also observed after treatment with 4.0 ug/L T4. Effects of T4
on body weight at day 21 occurred in a concentration-dependent manner in the GER and US labs. The
effects detected in the JPN study were more difficult to interpret. In the JPN study, T4 treatment at
0.25 pg/L significantly increased body weight at day 21 whereas 2.0 ug/L T4 caused a significant
reduction in body weight at day 21.
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Table 27. Summary of results from whole body length, hind limb length and body weight
measurements during the stage 51 study with T4 in the GER lab.

Test substance: T4 Lab: GER
control 0.25ug/L | 05ug/L 1.0 pg/L 2.0 pg/L LOEC
day | tank | mean+SD | mean+SD | mean=SD | mean£SD | mean+ SD (ug/L)
whole body length (mm)
0 A 274+ 05 275+ 05 275+05 274+05 274+05
B 274+ 05 275+ 05 274+ 05 274+ 05 275+ 05
Pool 27.4+05 27.5+05 27.5+05 27.4+05 27.4+05
7 A 46.2+1.8 466+ 2.5 473+ 2.6 47.1+31 457+£25
B 465+ 2.8 46.3+29 | 46.9+32 | 46.6+30 452+24
Pool 46.3+2.3 465+26 | 471+£28 | 469+30 455+ 24 ns
14 A 585%20 50.1+31 50.0+31 59.2+4.2 57.5%+33
B 58.7+ 2.7 58.7+4.0 58.1+ 3.7 579+ 31 56.4+ 25
Pool | 586+23 589+35 | 586+33 | 58.6+3.6 57.0+2.9 ns
21 A 58.8+ 3.2 58.7+ 3.6 59.1+29 57.1+43 53.6+4.7
B 59.0+5.2 599+ 34 59.1+29 571+42 46.8+ 104
Pool 589142 50.3+34 | 59.1+29 57141 50.2+8.6* 2.0
hind limb length (mm)
7 A 24+03 28+03 2905 31+03 3703
B 24+0.3 26103 29+ 04 3.1+03 3.8+0.3
Pool 24+03 27103 29+04* | 31+£03* 3.7+03* 0.5
14 A 7.0+ 0.7 7.3+0.7 73108 77+10 87+12
B 6.8+1.0 6.8+1.0 7.0+09 74+10 94+0.8
Pool 6.9+0.8 7009 7108 76+10* 91+10* 1.0
21 A 17.2+22 180+17 174+ 25 183+ 26 192+16
B 16.2+ 3.0 16.0+ 35 16.8+ 3.0 182+18 19.6+1.1
Pool 16.7 £ 2.6 170+ 29 17.1+27 182+22 194+14* 2.0
body weight (mg)
21 | A |s27ar1e13| P0x | 7278x 1 7002+ | 5404034
B |819.7+184.0 8933;83 7?92563 6?3;;75 509.2 + 101.6
Pool | 823.5+ 168.7 716 ,};9: 715 f{,gf ?%:if >49.6 f 1034 1.0

ns no significant effects; asterisks denote significant differences from the control group (p< 0.05;
Dunnett’'s Test)
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OECD Draft Report of Phase 1 of the Validation of the Amphibian Metamorphosis Assay ~ Sept.2004

Table 29. Summary of results from whole body length, hind limb length and body weight
measurements during the stage 51 study with T4 in the JPN lab.

Test substance: T4 Lab: JPN
control 0.25 pg/L 0.5 pg/L 1.0 ug/L 2.0 pg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+£SD | mean+ SD (ng/L)
whole body length (mm)
0 A 240+ 17 232114 237116 237115 238+12
B 23.8+1.3 238+11 | 239+1.7 | 236+20 233+x1.7
Pool 239+14 235+13 23.8+1.6 236+1.7 236+15
7 A 37324 426+ 2.6 36.8+ 29 39.0+26 38.0+31
B 41.1+£26 37.1+£33 | 419+32 | 39.0+£31 38.8+3.1
Pool 39.2+31 398+40 | 393+39 | 39.0+28 384+3.0 ns
14 A 490+ 34 548+3.2 | 493+36 | 51.8+32 49.7+ 3.6
B 534+ 3.0 48.7+ 4.7 543+3.1 522+ 34 477+ 3.2
Pool 51.2+ 3.8 51.8+5.0 51.8+4.1 520+3.2 | 48.7+34* 2.0
21 A 542+34 58531 534+28 55.8+2.9 52.1+5.0
B 579+24 571+ 3.6 582+ 27 56.6 + 2.6 50.2+ 3.6
Pool 56.1+ 34 57.8+34 55.8+ 3.6 56.2+ 2.7 51.1+44* 2.0
hind limb length (mm)
7 A 19+0.2 23+03 21+02 26+03 29+04
B 21+03 2002 2303 2708 28+04
Pool 20+03 22+03 22+03 26+06* 29+04~* 10
14 A 44+10 5609 48+ 0.9 6.0+ 0.8 74+10
B 51+0.8 42+ 0.6 55+12 59+ 09 74+0.8
Pool 48+ 1.0 49+10 52+11 59+08* 74+09* 1.0
21 A 10.3+3.0 13.2+22 11.0+27 140+18 148+1.8
B 123+ 17 10.1+24 13.0+ 27 143+21 144+15
Pool 11.3+ 2.6 11.7+ 2.7 120+28 | 141+19* | 146+16* 1.0
body weight (mg)
21 | A |7000+1311| &L2r | 8800x 1 7082% 000, 1037
B |8135+106.1 8?§48f 8122' ,',Bf 767.1+834| 5252+ 7956
Pool | 7612+ 127.4| 9420% | 7521 | 7352+ 1 5565+106.1 20"

ns no significant effects; asterisks denote significant differences from the control group (p< 0.05;
Dunnett’s Test)
# no concentration response relationship
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OECD Draft Report of Phase 1 of the Validation of the Amphibian Metamorphosis Assay ~ Sept.2004

Table 31. Summary of results from snout-to-vent length and body weight measurements during the
stage 51 study with T4 in the USab.

Test substance: T4 Lab: US
control 0.25 pg/L 0.5 pg/L 1.0 ug/L 2.0 pg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+£SD | mean+ SD (ng/L)
snout vent length (mm)
21 A 19.1+17 192+15 189+13 181+19 159+16
B 19.8+ 1.6 196+ 15 189+ 16 175+18 16.8+22
Pool 195+17 194+15 189+14 | 178+18* | 164+19* 1.0
body weight (mg)
21 | A |og3g+1o16| 10062% | 10051 | BIOIE o005, 1467
B | o | enst | e | Sere | es22s2r21
Pool 1(?;1&% + 1(2&'())1R1J_r 9192'.)601 %8: ;_F 639.7 f 217.3 10

asterisks denote significant differences from the control group (p< 0.05; Dunnett’s Test)
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OECD Draft Report of Phase 1 of the Validation of the Amphibian Metamorphosis Assay — Sept.2004

Histopathology

43. The detailed reports of the histopathological analyses conducted by the US lab, GER lab and
JPN lab are presented in Annex 2, Annex 3, and Annex 4, respectively. In summary, the light
microscopica appearance of thyroid glands from tadpoles exposed to T4 concentrations of 0.25 and
0.5 pg/L did not differ markedly from the control group. The US lab mainly noted changes in colloid
content and colloid density at the two highest T4 concentrations including collapsed follicles and
reduced or absent colloid in these follicles. In the GER study, an increase in the number of follicles
lined by columnar epithelial cells was observed at 1.0 and 2.0 pug/L T4 and minimal increases in the
degree of peripheral vacuolation of the colloid were noted in tadpoles exposed to the highest
T4 concentration (2.0 ug/L). Quantitative analysis as conducted by the JPN lab revealed no significant
changein follicular lumen area and thyroid gland area.

Gene Expression in Brain/Pituitary

44, Samples of whole brain tissue including the pituitary (brain/pituitary) taken at test
termination of the GER study were analysed for changes in gene expression by means of semi-
guantitative RT-PCR (Figure 4). Results from RT-PCR revealed no significant changes in mRNA
expression of TSH f and TSH B mRNA following T4 treatment. There was, however, a slight trend
towards elevated TSH p mRNA expression at the highest T4 concentration. TR f mRNA expression
was significantly increased at 2.0 pug/L T4. Elevated mRNA expression levels were also observed at
1.0 and 2.0 ug/L T4 for other genesincluding BTEB, b/ZIP, prolactin, and type |11 monodeiodinase.
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Figure 4. Effects of T4 on gene expression in tadpole brain. RNA was isolated from brain/pituitary
tissue samples taken at test termination of the stage51 exposure study with T4 in the GER lab.
Semiquantitative RT-PCR analyses of mMRNA expression of thyrotropin § -subunit (TSH B), thyroid
hormone receptor § (TR B) and basic transcription element binding protein (BTEB) were performed
and results from densitometric analysis of scanned agarose gels are shown. Results were expressed
relative to the control group (ctrl). Columns and bars represent mean values + SEM of triplicate

analyses. Statistically significant differences from the control are marked by asterisks (* p<0.05;
Dunnett’ stest).
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5.3.2.Stage 54 Exposure Studieswith T4 (14 Day Assay)
Developmental Stage

45, Results from developmental stage determination in the different labs during the stage 54
exposure study with T4 are summarized in Table 33. Significant acceleration of developmental stage
was observed in al studies following 7 and 14 days of expoure to T4 concentrations of 2.0 pg/L.
There were no differences between the laboratories. The degree of acceleration was enhanced in the 4
Ho/L treatment used by the US lab. The other labs did not test this concentration.

Hind Limb Length

46. In addition to stage determinations, measurements of hind limb length were used to assess
stimulatory effects of T4 on hind limb morphogenesis in the GER and JPN study (Table 34; Table 36).
In the GER study, significant acceleration of hind limb morphogenesis was observed for 0.25 and
2.0 g/l T4 at exposure day 7 and for 2.0 pg/L T4 at exposure day 14. Effects of T4 on hind limb
growth were more variable in the JPN study. Following 7 days of exposure, a strong stimulating effect
was observed for 2.0 ug/L T4. A dlight increase in mean hind limb length was till detectable at day 14
in this treatment group but the effect was not significant. In contrast, a significant reduction in hind
limb length was detected for 0.25 and 1.0 pg/L T4 at day 14.

Whole Body Length

47. Effects of T4 on tadpole growth were examined in the GER and JPN study by whole body
length measurements (Table 34; Table 36). The highest T4 concentration (2.0 pg/L) reduced WBL in
the GER study (day 14) and the JPN study (day 7 and day 14). In the JPN study, WBL was aso
significantly reduced following treatment with 0.25 and 1.0 pg/L T4 at day 7 and 0.25, 0.5 and 1.0
Mo/l T4 at day 14. The US lab measured SVL at test termination only and observed significantly
reduced SVL at 2.0 and 4.0 pug/L T4 (Table 38).

50



TS

vT €T €T 0
T 0 § &€ 1 0¢
/T €2 0T c
T € G o 0 T S0 v
€ G 9 91 S¢0
T € 1T T 1T 00

¢ 19 09 69 85 /L9 99

9 2 0 ¢ T 2 aI 0¢
T 0 v LT ST ¢ ¥ qg 0T m
T 9T 8T ¢ Z 9% C S0 w
T Z v 8 7 ¢ 9 1I¢ € Sco 2
Z /T ST 9 T S ¥ 00
29 19 09 65 8 /S 95 86 /S 95 SS
v vZ T ¥T 92 0¢
€ 0T 2 6T 12 0T o
v vl 2 T /T S0 m
€ S 9 G T € 2l G S¢0
Z L 9 qc Z T 12 00
29 T9 09 65 8 /S 95 86 /S 95 G§ (7/6M)
skep yT 1eabeig shep / 1eabeis QuoD
vl

"(S0°0>d) poyew s uund ayl Ag S|041U0d 01 posedwod aoUBIS LI [BIIISITRIS SIRJIPUI SOXO( PaPRyS 'S|04u02 ay) Jo Juawdoprap
lewou ayy WBIUBIY sexoq uedo 'skep T pue L o} 71 0} pasodxe sajodpel siae| X G afels eniul jo sabiels eewdoprsp Jo uonnquisia 'ee alge L

#002'1deS  Aessy sisoydiowes |\ Ueiqiyduuy 8yl Jo Uoiepife A8y} JO T 8seyd Jo Lodsy 1eid ad30



OECD Draft Report of Phase 1 of the Validation of the Amphibian Metamorphosis Assay ~ Sept.2004

Table 34. Summary of results from whole body length, hind limb length and body weight
measurements during the stage 54 study with T4 in the GER lab.

Test substance: T4 Lab: GER
control 0.25 pg/L 0.5 pg/L 1.0 ug/L 2.0 pg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+ SD | mean + SD (ng/L)
whole body length (mm)
0 A 38.8+0.9 394+13 38.7+0.7 38.8+0.8 38810
B 38.7+0.9 39.1+11 | 389+09 | 388+10 388+1.1
Pool | 38.8+0.9 39.2+12 | 388+0.8 | 388+0.9 38.8+1.0
7 A 542+22 54.7+26 542+22 534+20 529+17
B 532+ 23 54.1+21 539+ 20 542+ 23 527+ 2.7
Pool 53.7x23 544+23 541+21 53.7x21 528122 ns
14 A 59.8+2.2 59.0+ 3.2 60.1+ 28 586+24 57.3+3.0
B 505+ 2.6 50.6+ 2.0 59.2+ 3.6 50.7+ 3.6 55.7+ 37
Pool 59.6+24 59.3+ 2.6 59.6 + 3.2 59.2+ 3.0 56.5+34* 2.0
hind limb length (mm)
7 A 50+0.8 57+0.7 53+05 55+ 0.6 6.6+ 0.5
B 5.0+ 0.7 53+0.8 51+0.6 54+ 0.7 6.5+ 0.6
Pool 5007 55+0.7* 52+06 55+ 0.6 65+05* 207"
14 | A | 124%25 | 130+26 | 12421 | 131+22 | 146+13
B 119+ 27 13.3+27 11.8+21 132+ 23 152+1.9
Pool 122+ 2.6 13.1+26 121+21 13.1+22 149+ 16* 2.0
body weight (mg)
14 | A | ss82roo2 | 8P9F | 88l2x | 8009+ | pag, 135
B |863.3+143.1 8?15,;33 817 91'703 815a5'n80i 716.3 + 120.9
Pool | 860.7 + 116.6 839{.\611 8175(.)911 8153.1,401 735.1 ;_L 124.9 20

ns no significant effects; asterisks denote significant differences from the control group (p< 0.05;
Dunnett’ s Test)
# no concentration response relationship
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OECD Draft Report of Phase 1 of the Validation of the Amphibian Metamorphosis Assay ~ Sept.2004

Table 36. Summary of results from whole body length, hind limb length and body weight
measurements during the stage 54 study with T4 in the JPN lab.

Test substance: T4 Lab: JPN
control 0.25 pg/L 0.5 pg/L 1.0 ug/L 2.0 pg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+ SD | mean + SD (ng/L)
whole body length (mm)
0 A 37829 37420 37521 37220 372123
B 37.3+26 379+ 30 37219 37.7+£24 374+23
Pool | 375+27 37.6+25 | 37.3+20 | 374+22 37.3+23
7 A 526+ 3.1 476+ 3.0 50.6+ 2.8 427+23 438+ 3.2
B 504+ 34 48.3+ 3.7 491+32 | 47426 484+ 3.1
Pool 515+34 |479+33* | 498+31 |450+£34* | 461+38* 1.07
14 | A | 601+31 | 540+22 | 603+26 | 480+22 | 49.3+28
B | 591+34 | 549+32 | 541+30 | 565+29 | 55131
Pool 50.6+32 |545+27* |57.2+41* |523+£50* | 522+41* 0.25
hind limb length (mm)
7 A 42+1.1 40+£0.7 43+06 39+04 49+ 05
B 42+ 0.8 41+11 42+ 0.6 40+05 51+05
Pool 4.2+ 0.9 41+0.9 42+ 0.6 40+04 50+£05* 20
14 | A | 102+29 | 86+22 | 9917 | 77+12 | 105+16
B 101+ 24 9.2+ 26 8715 91+14 11.2+11
Pool 10.1+ 2.6 8.9+24~* 9.3+17 84+14* 108+ 14 #
body weight (mg)
14 | A |9132+103.6|667.9+ 885 914&'713 4702+ 739 | 517.4+66.5
B |8s00+1522| 104% legnora30] SI3E | 699+ 1160
Pool | 882.0+ 130.7 689.1*1 974 8}256’21 ??::'377@3 603.6 ;_L 126.2 10*

ns no significant effects; asterisks denote significant differences from the control group (p< 0.05;

Dunnett’ s Test)

# no concentration response relationship
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OECD Draft Report of Phase 1 of the Validation of the Amphibian Metamorphosis Assay ~ Sept.2004

Table 38. Summary of results from snout-to-vent length and body weight measurements during the
stage 54 study with T4 in the US|ab.

Test substance: T4 Lab: US
control 0.25 pg/L 0.5 pg/L 1.0 ug/L 2.0 pg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+ SD | mean + SD (ng/L)
snout vent length (mm)
14 A 19.4+0.9 195+11 18.8+0.9 191+10 181+11
B 19.1+09 191+11 192+11 19.1+09 181+10
Pool 19.2+09 193+11 19.0+10 19.1+09 181+1.0* 2.0
body weight (mg)
14 | A |a327+16a6| 2B3F | 9l24r 1 922% | gons a9
B |o526+1560| 2008% | 906r | 9.2 0,0, 1504
Pool | 942.7 + 156.6 953:1;‘171 9%;5;; 912;1c.)2ni 813.6:; 134.6 20

56

asterisks denote significant differences from th